Quasar damped Lyα (DLA) absorption line systems with redshifts z < 1.65 are used to trace neutral gas over approximately 70% of the most recent history of the Universe. However, such systems fall in the UV and are rarely found in blind UV spectroscopic surveys. Therefore, it has been difficult to compile a moderate-sized sample of UV DLAs in any narrow cosmic time interval. However, DLAs are easy to identify in low-resolution spectra because they have large absorption rest equivalent widths. We have performed an efficient strong-Mg ii-selected survey for UV DLAs at redshifts z = [0.42, 0.70] using HST's low-resolution ACS-HRC-PR200L prism. This redshift interval covers ∼ 1.8 Gyr in cosmic time, i.e., t ≈ [7.2, 9.0] Gyrs after the Big Bang. A total of 96 strong Mg ii absorption-line systems identified in SDSS spectra were successfully observed with the prism at the predicted UV wavelengths of Lyα absorption. We found that 35 of the 96 systems had a significant probability of being DLAs. One additional observed system could be a very high N HI DLA (N HI ∼ 2 × 10 22 atoms cm −2 or possibly higher), but since very high N HI systems are extremely rare, it would be unusual for this system to be a DLA given the size of our sample. Here we present information on our prism sample, including our best estimates of N HI and errors for the 36 systems fitted with damped Lyα profiles. This list is valuable for future followup studies of low-redshift DLAs in a small redshift interval, although such work would clearly benefit from improved UV spectroscopy to more accurately determine their neutral hydrogen column densities.
INTRODUCTION
Since the first spectroscopic survey for intervening quasar damped Lyα (DLA) absorption-line systems (Wolfe et al. 1986) , it has been recognized that these gaseous regions with neutral hydrogen column densities NHI ≥ 2 × 10 20 atoms cm −2 can be used to trace the neutral gas component of the Universe. DLA and related observations allow the Universe to be probed over about 90 per cent of its current age.
1 The most recent extensive results from low-redshift UV and highredshift optical DLA surveys have been presented by Rao, Turnshek, & Nestor (2006; hereafter RTN2006) and Noter-daeme et al. (2012) , respectively. Relative to RTN2006 (41 DLAs in their statistical sample), Meiring et al. (2011) found a very high incidence of DLAs in a more recent HST COS UV blind survey (3 DLAs), which is counter to what Bahcall et al. (1993) found in the HST FOS UV QSO AbsorptionLine Key Project blind survey (1 DLA), but both UV blind surveys suffer from small number statistics. Most recently, Noterdaeme et al. (2014) present a study of ∼ 100 extremely strong high-redshift DLAs, with NHI ≥ 5×10 21 atoms cm −2 . Aside from statistical results on the DLA incidence (product of absorber cross-section and their comoving number density) and the cosmic mass density of neutral gas, many interesting facets of galaxy formation and evolution can be considered through follow-up studies of DLA metallicities, dust, molecular fractions, star formation, kinematics, associated galaxies, and clustering as a function of redshift. These topics in DLA research have been widely discussed in the literature, but it is not the purpose of this paper to summarize them (see Wolfe et al. 2005 for a past review).
Here, we simply wish to emphasize that while followup studies of DLAs are providing a wealth of information about the neutral-gas-phase component of the Universe, reasonably accurate statistical measurements in any relatively narrow low-redshift interval have remained elusive. By low redshift we mean redshifts z < 1.65, for which the Lyα line falls in the UV. For example, the low-redshift DLA survey of RTN2006 probed z < 1.65. This redshift regime corresponds to ∼ 70 per cent (∼ 9.6 Gyrs) of the most recent history of the Universe, where significant evolution is known to have occurred. But since observation of a low-redshift Lyα line requires space-based UV spectroscopy, the number of confirmed DLAs remains relatively small in all narrow low-redshift intervals (e.g., in cosmic time intervals corresponding to ∼ 1 to 2 Gyrs). Even with the efficient strongMg ii-selected DLA survey method used by RTN2006, only 9 DLAs have been previously confirmed at z = [0. 42, 0.70] . This redshift interval spans ∼ 1.8 Gyr in cosmic time, t ≈ [7.2, 9.0] Gyrs after the Big Bang.
A number of years ago, when STIS had failed and COS was not yet installed on HST, we had the opportunity to perform a large strong-Mg ii-selected survey for DLAs at z = [0. 42, 0.70] . This is a very efficient way to conduct a DLA survey since any biases can be accounted for if the statistics of Mg ii absorption-line systems are well understood (RTN2006). This redshift interval was chosen because it is well-matched to the sensitivity of HST's low-resolution ACS-HRC-PR200L prism. To demonstrate this, Figure 1 shows the Lyα damping profiles for a range of DLA NHI values within this redshift interval at full resolution and at the resolution of a prism spectrum. The prism has nonlinear dispersion so that a prism spectrum of a Lyα line at z = 0.42 has resolution λ/∆λ ≈ 197 (4.4Å pixel −1 at 1726 A), while at z = 0.70 it has λ/∆λ ≈ 97 (10.6Å pixel −1 at 2067Å). With this in mind, we undertook prism observations of the UV Lyα absorption lines in 109 strong-Mg ii systems to determine if they exhibited an absorption profile with damping wings. The data collection on these 109 systems required 105 single-orbit observations since four of the quasars had two systems.
2
Of the 109 strong-Mg ii systems in our sample that were observed with the prism, we found that only 97 of them had observations that were usable in our DLA search. We also obtained spectroscopy of three quasars with known DLAs ("DLA calibrators") to confirm our ability to recognize and measure DLAs. In general, if a Lyα line does not exhibit a significant damping profile (i.e., if NHI is too low in a Mg ii system), it would be undetectable or nearly undetectable in its prism spectrum. Thus, prism observations offer a suitable method for distinguishing DLAs from non-DLAs.
Below we describe the results of our HST observations with the primary goal of identifying new DLAs (NHI ≥ Figure 1 . Simulation of expected HST ACS-HRC-PR200L prism spectra of DLAs at z = 0.44 and z = 0.70 for a low N HI value of 2×10 20 atoms cm −2 and a high N HI value of 5×10 21 atoms cm −2 . The smooth red profiles (see online version) are the normalized theoretical DLA absorption-line profiles. The black profiles are the expected spectra at the resolution of the prism. Note the poorer resolution at higher redshift. Also, the redshift range of our usable observations is taken to be z = [0.42, 0.70], however at z < 0.44 (see the top right panel) the short wavelength side of a high-N HI DLA will begin to become impossible to measure reliably over the expected range in N HI values since the prism calibration does not extend below ∼ 1700Å.
× 10
20 atoms cm −2 ) at z = [0.42, 0.70]. Our method to achieve this was simply to examine the prism spectra at the predicted locations of the Lyα absorption lines in strongMg ii absorption-line systems.
3
The outline of this paper is as follows. In §2 we present the details of our observational program and data processing for the observed strong-Mg ii systems. In §3 we present NHI results for the 36 systems which, based on the prism spectra, have a significant or an interesting probability of being DLAs, along with results on the three DLA calibrators. In §4 we conclude with a short discussion of the significance of our results. The implications of these results for measurements of the incidence and cosmic mass density of neutral gas will be discussed in a future paper by Rao et al.
SAMPLE, OBSERVATIONS, AND DATA PROCESSING
The SDSS Mg ii systems that were chosen for HST prism observations were selected as follows. First, based on preliminary results on the sensitivity of the ACS-HRC-PR200L prism, we decided that it was possible to use it to identify and measure DLAs with z = [0.37, 0.70] in the spectra of sufficiently bright quasars. Second, we used an early version of the Pittsburgh SDSS Quasar Mg ii Absorption-line Survey Catalog (see Quider et al. 2011) to identify all Mg ii systems in this redshift interval that met the following quasar brightness and metal-line absorption criteria: (1) quasar SDSS gband mag brighter than ∼ 20 and (2) Mg ii rest equivalent width W λ2796 0 > ∼ 1.0Å, which generally (not always) is consistent with having Fe ii rest equivalent width W λ2600 0 > ∼ 0.3 A (but in cases with z abs < ∼ 0.47 information on W λ2600 0 is unavailable or unreliable in SDSS spectra). Some of the identified quasars also had weaker Mg ii systems in their spectra, and these appear in Table 1 . Additionally, we removed absorption systems from this sample if the predicted location of the DLA would lie too close to broad Lyβ+O vi emission in the quasar spectrum (within ±3300 km s −1 ), since this could cause unnecessary confusion when measuring any DLAs in the low-resolution prism spectra. To achieve our desired final sample size we then decided to limit our observations to include only quasars with g-band magnitudes brighter than ∼ 19.25. Unfortunately, it turned out that the sensitivity of the prism was only sufficient to identify DLAs at z = [0.42, 0.70]; in the end, five observations of Mg ii systems with z < 0.42 were made but were unusable for a DLA search. The findings and methods discussed in RTN2006 can be used with the above selection criteria, and with the results of this study, to arrive at an independent determination of the incidence and cosmic mass density of neutral gas at z = [0.42, 0.70]. As noted in the Introduction, this will be quantified in the future paper by Rao et al. The future Rao et al. paper will also incorporate results on other UV surveys for DLAs. Table 1 presents the sample of 109 strong-Mg ii absorbers observed at the location of Lyα with HST's lowresolution ACS-HRC-PR200L prism. Included for each Mg ii absorber in Table 1 are the SDSS quasar's J2000 name, the total exposure time for the prism observation, the quasar's g-band magnitude, and the quasar's emission redshift; this information is taken from the most recent entries found in the SDSS DR7 and DR9 quasar catalogs of Schneider et al. (2010) and Pâris et al. (2012) , respectively. Also included in Table 1 is information on the metalline absorption properties for each strong-Mg ii absorber using results from the online version of the Pittsburgh SDSS Quasar Mg ii Absorption-line Survey Catalog of Quider et al. (2011) . This includes the Mg ii absorption redshift and metal-line absorption rest equivalent widths and errors for Mg iiλ2796, Mg iiλ2803, Mg iλ2852, and Fe iiλ2600. Finally, this same information is listed at the end of Table 1 for each of the three quasar "DLA calibrators" with known NHI (see Rao et al. 2003 and RTN2006) , which were also observed with the prism. We chose to observe these three DLAs because they covered a range of a factor of ∼ 7 in H i column density, and we wanted to assess how well their H i column densities could be re-determined over this range. In Table 1 we adopt the naming convention used in Rao et al. (2003) and RTN2006 for these calibrators but note that Q1629+120 is J163145.17+115603.3, Q2328+0022 is J232820.38+002238.2, and Q2353−0028 is J235321.62−002840.6.
The HST observations were taken between 9 August 2005 and 23 December 2006. Each quasar observation was allocated one HST orbit. The observing procedure was as follows. First we obtained two 150 sec direct images with Figure 2 . The two dithered HST ACS-HRC-PR200L prism images for Q2353-0028 (top and bottom), which was one of our DLA calibration systems. The wavelength scale increases to the right. The quasar has a DLA marked by the white arrow at z = 0.604 with N HI = 3.5 × 10 21 atoms cm −1 (RTN2006).
ACS-HRC-F606W, with a small line dither (pointing maneuver) of 0.084 arcsec at a pattern orientation of 32.1 deg between them. The main purpose of the direct images was to use them to establish the wavelength calibrations on the prism images. Obtaining two direct images allowed most cosmic rays to be evaluated and removed in the individual images as well as in a combined drizzled image. Second, for the remainder of the orbit, we obtained two equally exposed prism images using the same dither pattern; individual exposure times for these observations ranged between 1050 sec and 1300 sec depending on the remaining available observation time in the orbit. The existence of two prism images also permitted the evaluation and removal of cosmic rays in the individual prism images and combined drizzled image. Of course, cosmic rays and other backgrounds were generally more problematic in the longer-exposure images, and in several instances we had to discard one of the prism images. As an example of the kinds of images that were obtained, the two prism images of a quasar that served as a DLA calibrator are shown in Figure 2 .
The data were processed using the aXe software developed by the ST-ECF team (Kümmel et al. 2009 ). As noted above, the direct images were used to wavelength-calibrate the prism images. A one-dimensional prism spectrum was extracted from each of the two prism images, the spectra were flux calibrated, and then combined to form the final spectrum with an associated error array.
An important part of evaluating the data involved examination of the individual two-dimensional prism images and the corresponding extracted one-dimensional prism spectra from the individual usable exposures. For example, as illustrated by Figure 2 , the presence of a DLA is quite easy to observe in the prism images. However, the process of determining NHI included some iteration because it is not possible to rely heavily on a guess for NHI simply by making careful visual inspections, especially since the prism dispersion changes with wavelength. Thus, it was not sufficient to simply fit a DLA line to an extracted one-dimensional prism spectrum. We also examined the two-dimensional prism images to visually search for noise that may have influenced the original fit, and then adjusted the fit accordingly. In the end, a system was designated with status code A or B in Table 1 when its prism spectrum was judged to be of sufficient quality to permit a determination of whether a DLA line was present at the Mg ii-predicted position of Lyα absorption. After these iterations, there were 35 status code A systems that were judged to have a significant probability (e.g., within 1σ of NHI = 1 × 10 20 atoms cm −2 ) of being DLAs given our estimate of NHI and the associated error (see Section 3 and Table 2 ). The choice of using NHI = 1 × 10 20 Table 2 and Figure 3) , B (weak or absent absorption at the Mg ii-predicted position of Lyα absorption; could possibly be a subDLA), C (spectrum cannot be used to determine whether a DLA is present), D (no flux visible near the Mg ii-predicted position of Lyα absorption or at shorter wavelengths but an extremely rare, very high-N HI DLA cannot be ruled out; see Table 2 and Figure 3) , and E (DLA calibrator; see Table 2 and Figure 3 ).
atoms cm −2 is meant to be a conservative choice (e.g., similar to that of Wolfe et al. 1986 when analyzing the "Lick spectra") in the sense that this list should not miss any classical DLAs with NHI ≥ 2 × 10 20 atoms cm −2 . Thus, our list will be complete for DLAs but not subDLAs. Note that the lowest NHI reported in Table 2 is 8 × 10
19 atoms cm −2 , but it is ∼ 2.5σ from having the classical DLA value.
The 62 status code B systems were those judged to show no absorption or at best weak absorption at the Mg iipredicted position of Lyα, but with insufficient strength to be a classical DLA; thus the status code B systems may or may not be subDLAs, but they can be categorized as nonDLAs in any statistical study.
The 11 status code C systems in Table 1 were those with unusable spectra; in one case (J155024.32+545338.0) the system lies within 3300 km s −1 of Lyβ+O vi emission and cannot be resolved, in five cases the post-observation results indicated that the redshifts were in fact too low (z < 0.42) to be usefully observed with the prism (i.e., the prism's sensitivity was too low at shorter wavelengths), and in the remaining cases the spectra had insufficient quality (low signal) at the Mg ii-predicted position of Lyα absorption to make any determination.
One object in Table 1 (J134050.87+642544.9) was designated as status code D because it has no visible flux within 60Å (observed frame) of the Mg ii-predicted postion of Lyα absorption or at shorter wavelengths, and therefore it could be an extremely rare, very high-NHI DLA. We checked the SDSS spectrum of this object to search for a Mg ii absorption system that might give rise to Lyman limit absorption and explain the lack of UV flux, but found none.
At the end of Table 1 we present information on the three observed DLA calibrators and designate them as status code E.
After estimating the continuum levels across the predicted locations of Lyα absorption using a simple straightline fit, the spectra were then continuum-normalized at these locations.
4 This normalization was done for the 35 status code A systems in 34 quasar spectra, the one status code D system and the three status code E DLA calibrator systems, and the results are shown in Figure 3 . (This was also done for the 62 status code B systems, but the results are not shown.) Of course, using this procedure means that other portions of the spectra not near the predicted locations of Lyα absorption were not normalized near their local continuum levels. For example, strong broad emission lines were generally not fitted with a pseudo-continuum, so they generally appear above the unit continuum levels and blends of strong Lyα forest absorption (but non-DLAs) will appear as unresolved complexes of absorption depressing the unit continuum levels; the overall spectrum shapes may also not be flat. As described in the the next section, the Lyα absorption lines were then fitted with Voigt damping profiles in order to estimate the NHI values and associated errors.
NEUTRAL HYDROGEN COLUMN DENSITY RESULTS
The 38 continuum-normalized prism spectra, f λ , and associated error arrays, σ f λ (derived using the aXe software), are shown in Figure 3 . They were used to measure Lyα in 39 strong-Mg ii systems. Two of the systems are present in the prism spectrum of J090757.59+421823.6. The first 36 systems in Figure 3 (in right ascension order) are those from our new sample which were found to have a significant (35 with status code A) or interesting (one with status code D) probability of being DLAs. The last three spectra in Figure  3 are of the DLA calibrator quasars (status code E). Establishing the continuua levels in low-resolution DLA survey spectra has, unfortunately, always been somewhat of an art. With a low-resolution spectrum there is the problem of unresolved absorption blends of Lyα forest lines. An additional complication is the non-linear dispersion (resolution) in a slitless prism spectrum, which results in an asymmetric DLA profile (see Figure 1) . Fortunately, the H i column density is uniquely determined by the absorption rest equivalent width and, for a given continuum, a Voigt profile fit convolved with the instrument dispersion solution gives a unique value for the column density. Thus, setting the continuum level properly is important, and we have carefully considered the various relevant issues.
Continuum placement was a matter of identifying emission-line free regions on both sides (or sometimes only one side) of the predicted location of any DLA line, and then judging where the continuum was at the relevant wavelength. Given the varying properties of the background quasar spectra, the procedure necessarily changed from absorption system to absorption system. Note that, in some cases, the regions used to set the continuum level may not be included in the plots. As an extra precaution, the first three authors of this paper thoroughly examined the possibly ambiguous cases by looking at prism images and extracted spectra (before addition) to evaluate whether a continuum placement was reasonable. As an example, it's worth noting that the apparent excess emission to the red of the DLA in J083900.67+370901.4 is in fact real broad emission due to Lyβ+O vi in the quasar, and not an artifact of continuum placement. Another example is in J084200.76+333214.8; its spectrum becomes noisy on the short wavelength end of the spectrum, and that part was not used to set the continuum.
To determine NHI values, theoretical Lyα Voigt profiles were shifted to the Mg ii absorption redshifts and convolved to the prism resolution using the aXe task "simdata." The resulting simulated spectra were then adjusted to match the continuua slopes of the extracted prism spectra and overlaid to determine (by eye) the best-fitting NHI values. The Voigt profiles that were judged to produce the best fits to the observed damped profiles are shown in Figure 3 as solid red lines (online version) relative to the unit continuum levels shown as black dashed lines near the DLAs.
We were able to check the validity of the aXe derivations of σ f λ for the vast majority of the spectra in Figure 3 . We did this by comparing the two individual f λ spectra to 5 In six of the 38 cases we discarded one of the two extracted prism spectra because it appeared to be of much poorer quality than the other. Figure 3 . The HST UV prism spectra of the Lyα regions in 35 strong-Mg ii systems which have a significant probability of being DLAs (0907+4218 has two systems), plus one additional strong-Mg ii system that may be an extremely high column density DLA (1340+6425). The last three spectra are DLA calibrators. Shown are the relative fluxes of the prism spectra normalized near Lyα, the errors in normalized fluxes (in blue, see online version) derived using the aXe software reduction package or the empirical error (whichever is worse), and the fits to the DLAs (red, online version) for the N HI values reported in Table 2 . The shown errors in normalized fluxes were used to derive the N HI errors reported in Table 2 . The J2000 coordinate names and fitted log(N HI ) values are labeled on the prism spectrum panels. All the strong-Mg ii systems have z abs = [0.42, 0.70] as reported in Tables 2 and 3. derive an empirical error array, σ emp f λ . In most cases σ f λ and σ emp f λ were found to be consistent, but in some cases they were not. As discussed below, when there was a significant discrepancy, this led us to use a larger continuum placement error to estimate the error in NHI.
To determine the error in NHI a spectrum was renormalized by dividing by 1±σ f λ or 1±σ emp f λ (whichever was larger), and the damped profiles were re-fit with Voigt profiles to determine the likely range in NHI. Generally the ±σN HI errors were not symmetric, so the adopted value for Figure 3 . Continued from the previous page: the HST UV prism spectra of the Lyα regions in 35 strong-Mg ii systems which have a significant probability of being DLAs (0907+4218 has two systems), plus one additional strong-Mg ii system that may be an extremely high column density DLA (1340+6425). The last three spectra are DLA calibrators. Shown are the relative fluxes of the prism spectra normalized near Lyα, the errors in normalized fluxes (in blue, see online version) derived using the aXe software reduction package or the empirical error (whichever is worse), and the fits to the DLAs (red, online version) for the N HI values reported in Table 2 . The shown errors in normalized fluxes were used to derive the N HI errors reported in Table 2 . The J2000 coordinate names and fitted log(N HI ) values are labeled on the prism spectrum panels. All the strong-Mg ii systems have z abs = [0.42, 0.70] as reported in Tables 2 and 3. σN HI was taken to be the one with the largest absolute value. Finally, in some cases tests indicated that resulting errors in NHI for lower NHI systems were unrealistically low, and we concluded that we should never report the error in NHI to be <20 per cent for a system with NHI < 10 21 atoms cm −2 . Therefore, in those cases we report a 20 per cent error. Our derivations of NHI using the prism spectra of the three DLA calibrators (see the last three entries in Table  2 and their footnotes) confirm that the algorithm we used to report the σN HI values is reasonable and consistent with Table 2 . Column density measurements known results. Note that the algorithmic NHI error we report for 2353−0028CAL is smaller than the error reported in RTN2006. Also, it should be mentioned that some of our determined NHI percentage errors are smaller than typical NHI errors derived from analyses of SDSS spectra (e.g., Noterdaeme et al. 2009 ). This may seem surprising given the differences in data quality and resolution in these two very different spectral data sets. However, it is also the case that Lyα forest absorption is both more frequent and problematic at the higher redshifts probed by the SDSS spectra.
The final results are given in Table 2 . The redshifts in Table 2 are those measured from Mg ii absorption in the SDSS spectra, since measuring a redshift from a damped absorption line in a prism spectrum is not as accurate. The NHI value for J134050.87+642544.9 (the one status code D absorption system) is taken to be at least NHI ∼ 2 × 10 22 atoms cm −2 based on the assumption that only the longwavelength side of the damping profile is visible in the prism spectrum; however, this NHI value is so large that it is unlikely to be present in a sample of our size, so this might not in fact be a DLA. We note that in the large high-redshift DLA samples identified by Noterdaeme et al. (2012 Noterdaeme et al. ( , 2014 using SDSS spectra, only one in a thousand had NHI > 10 22 atoms cm −2 .
SIGNIFICANCE
The main results of our study are presented in Table 2 , namely the identification of 36 new, high-NHI systems that have a significant or interesting probability of being DLAs at z = [0.42, 0.70], which is a relatively narrow low-redshift cosmic time interval corresponding to t ≈ [7.2, 9.0] Gyrs after the Big Bang. While some cosmic evolution might be expected over this small interval, any evolutionary effects and observational biases would be minimal in comparison to the alternative of working over the entire redshift interval covered by UV spectra, i.e., z < 1.65, which corresponds to the most recent ∼ 9.6 Gyrs of the history of the Universe. Given the availability of the sample presented here, we suggest that observational biases and possible evolutionary effects could be more easily treated if future observational studies of low-redshift DLAs were concentrated within the z = [0.42, 0.7] redshift interval.
6 For comparison, the very large sample of high-redshift DLAs identified by Noterdaeme et al. (2012) at z = [2.0, 4.0] corresponds to a cosmic time interval of ∼ 1.7 Gyr, which is t ≈ [1.5, 3.2] Gyrs after the Big Bang. Noterdaeme et al. (2012) do find clear evidence for cosmic evolution, but cosmic evolution of DLAs appears to be more rapid at higher redshifts.
It is important to note that, given that the NHI values were derived using low-resolution prism spectra, the present work would clearly benefit from improved UV spectroscopy to more accurately determine the NHI values. Such results would, of course, be beneficial to any follow-up work.
In any case, this new list of "DLAs" at z = [0.42, 0.70] is valuable for future follow-up studies of the neutral gas component of the Universe (e.g., metallicities, dust, molecular fractions, star formation, kinematics, associated galaxies, and clustering environment). The low redshifts and size of the sample makes it unique for the purpose of identifying associated "DLA galaxies," which has proved to be very difficult and sporadic at high redshift. Truly comprehensive studies of this sample would provide a framework for describing DLAs and their connections to galaxies that theory would have to explain. We hope that observers pursue this challenge.
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